For solving complex flow field with multi-scale structure higher order accurate schemes are preferred. Among high order schemes the compact schemes have higher resolving efficiency. When the compact and upwind compact schemes are used to solve aerodynamic problems there are numerical oscillations near the shocks. The reason of oscillation production is because of non-uniform group velocity of wave packets in numerical solutions. For improvement of resolution of the shock a parameter function is introduced in compact scheme to control the group velocity. The newly developed method is simple. It has higher accuracy and less stencil of grid points.
Recently people pay much attention to the development of higher order accurate schemes. With limited computer resource high order accurate schemes are preferred for solving complex flow field problems because of their smaller amplitude of numerical dissipation and dispersion errors. Many high order accurate schemes have been developed EI-5~ . As it is known, solutions of the gas dynamic equations may develop discontinuities even if the initial conditions are smooth. The commonly used high order accurate schemes often give poor results in the presence of the shock ~6-t2] . There have been a lot of activities geared towards constructing efficient difference schemes with high resolution of the shock. These include TVD, NND and ENO types of schemes. The schemes have been succesfully used for solving practical problems. Usually, rigorous analysis is only done for the scalar one-dimensional nonlinear case although numerical experiments for gasdynamic equations give good results using formal generalization of TVD and ENO types of schemes. Development of the shock capturing finite difference methods of TVD and ENO types is mainly from the view point of mathematics. In the most existing TVD and ENO types of schemes the physical reason of oscillation production is not considered directly. In ref.
[ 1 ] the relevance of group velocity to the behavior of finite difference model of time-dependent partial differential equations was considered. In ref. [5 ] the reason of oscillation production in numerical solutions was analysed. According to the group velocity of wave packets, schemes were divided into three groups: slower (SLW), faster (FST) and mixed (MXD). For the schemes from SLW the oscillations in numerical solutions may appear behind the shock; for the schemes from FST oscillations may appear in front of the shocks ; and for the schemes from MXD the oscillations may appear in both sides of the shocks. The symmetrical compact schemes in ref. [2 ] were SLW, and the upwind compact schemes in refs. [4, 5 ] were MXD. In the present paper a parameter function is introduced to control the group velocity of wave packets. The compact scheme with GVC is simple. It has smaller stencil of grid points, and the resolution of the shock can be improved much.
Compact scheme with free parameter
Consider the following model equation and its semi-difference approximation
3u
Of = 0 f = cu, c = const.
(1 1)
where FJAx is an approximation of Of/Ox. The fourth order compact difference approximation is as follows: The third order accurate upwind compact difference approximation in ref. [4 ] was as
(1.5) We can do the same analysis as it was done in ref. [5 ] , and conclude that scheme (1.2) with (1.3) is SLW, the oscillations for it may appear behind the shock; and the scheme (1.2) with (1.4) is MXD, the oscillations will be mainly in front of the shock with small oscillations behind the shock. We can construct the following difference approximation with a free parameter From fig. 1 it can be seen that the wave component with low wave numbers can be approximated well. With the increasing of the wave number, deviation of numerical solution from the exact solution increases. This is the reason for high-frequency oscillation production in numerical solutions. After careful study it can be seen that for SLW schemes all wave packets in numerical solutions propagate with slower group velocity compared with the exact solution of ( 1.1 ). From them some propagate in the same direction as and some propagate in the opposite direction. > 0) is MXD. For MXD scheme the packets group velocity, the wave packets with higher small amplitude. the exact solution (1.1) does, some are standing, The scheme for the case a > a0(a0 = 0. 1291) (c with lower and moderate wave numbers have faster wave numbers have slower group velocity but with 2 Improvement of resolution of shock with GVC
2.1
Scheme construction We try to use the parameter a to control the group velocity of wave packets in numerical solutions. For improvement of resolution of the shock it is reasonable to use SLW scheme in front of the shock, and FST scheme behind the shock. Scheme (1.2) with (1.6) for a = 0 or small a is SLW, and it is MXD for large a. It means that the group velocity of wave packets with very high wave numbers cannot be controlled. Fortunately, the dissipation of scheme increases very fast with the increasing of the parameter a for high wave number components ( fig. 1 ) . The uncontrollable high frequency components can be suppressed by high dissipation, For controlling the group velocity of wave packets difference approximation (1.6) is reconstructed as follows: 
Suppose we have N-S shock which is continuous and has large gradient ( fig. 2(a) 
F/Ax= 3x :
In the smooth region, a ~ Ax, and the approximation is third order accurate.
Difference approximation for Euler equations
The Euler equations in vector form are as follows:
M | is the Mach number, 7 is the ratio of specific beats. The density p, the velocity u, and the temperature T are normalized by p | , u | and T| respectively, and the pressure p is normalized by p | u2**. By using flux splitting we can get a system of equations in split form a_f__- One is for M| =2, and the other one is for M| =5. The results are given in fig. 3 . We see that the resolution of the shock is quite good.
Sod' s shock-tube problem
The tube extends from x = 0 to x = 1 and is divided by 99 equal ceils. The gas is initially Vol. 44 fig. 6(b) are given the corresponding results with GVC. The solid lines are for Ap > 0 and Ma -1 > 0, the dash lines are for Ap < 0 and M~ -1 < 0. From the computed results it can be seen that the resolution of the shock can be improved much with GVC.
Conclusion
(i) According to the reason of oscillation production in numerical solutions the fourth order accurate compact scheme is modified with group velocity control in order to improve the resolution of the shock.
(ii) The new developed scheme is simple, has less stencil of grid points, and is useful to improve the resolution of the shock.
(iii) The new method is used to solve model aerodynamic problems. Numerical experiments show that the resolution of the shock can be improved much. 
